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摘  要 
I 
摘  要 
Ras 超家族 GTP 酶作为分子开关，在细胞内众多的生理生化调节过程中起
着关键作用，包括基因表达、细胞的生长和分化、细胞周期、细胞迁移、膜泡运
输、细胞核与细胞质之间的物质运输等方面的调控。许多 Ras 超家族成员与人类





但是目前对 Ras 超家族泛素化调控方面的系统性研究还很少。 
本文将人源的 Ras 超家族成员分别克隆连入带有 Flag 标签的哺乳动物细胞
表达载体中，测序鉴定并表达验证其正确性。至今，已经成功克隆出了 91 个 Ras
超家族成员。同时，系统筛选检测了 C2-WW-HECT 家族泛素连接酶成员 Smurf1、

























The Ras superfamily of small guanosine triphosphatases (GTPases) function as 
molecular switches and play key roles in regulating a wide range of cellular processes 
including gene expression, cell growth and differentiation, cell cycling, cell migration, 
endocytosis, exocytosis and nucleocytoplamsic transportion. The human Ras 
superfamily comprises over 150 members and many of them are involved in 
tumorigenesis. It has been reported that some members of Ras superfamily small 
GTPase such as RhoA and Rap1B could be ubiquitinated, indicating that 
ubiquitination may function as a general mechanism in some biological functions to 
regulate the protein levels and activity of these small GTPases. However, systematical 
study on ubiquitination of this superfamily has not been reported. 
To generate the cDNA library of Ras superfamily of small GTPase, we subcloned 
the PCR products of human Ras superfamily members into mammalian cell 
expressing vector with flag tag, and confirmed its validity by sequencing and 
expressing the constructs in HEK 293T cell. So far, we have successfully cloned 91 
Ras superfamily members. Meanwhile, we systematically tested the effects of Smurf1, 
Smurf2, Wwp2, Nedd4 and Itch, which are 5 members of the C2-WW-HECT family 
ofubiquitin ligase,on these Ras superfamily proteins and found that the steady-state 
protein levels of 18 members among these small GTPases could be regulated by one 
or more of the E3 ubiquitin ligases. 
We confirmed that the smurf1-induced decrease of RhoB is through a 
proteasome pathway.Using wild-type Smurf1, but neither Smurf2 nor catalytically 
inactive Smurf1 could decrease the steady-state level of RhoB, and this effect could 
be rescued by using proteasome inhibitors, LLnL or MG132. We next examined the 
interaction between RhoB and Smurf1 using immunoprecipitation and GST pull down 















interaction between Smurf1 and RhoB.Consequently, Smurf1 could markedly 
increase ubiquitin-conjugated RhoB in vivo and in vitro. Therefore, our data indicate 
that RhoB is a direct substrate of Smurf1 andis targeted by Smurf1 for ubiquitination 
and degradation. 
 
















泛素活化酶（Ubiquitin activating enzyme）E1 
泛素结合酶（Ubiquitin conjugating enzyme）E2 
泛素连接酶（Ubiquitin ligase）E3 
蛋白酶复合体（Ubiquitin-proteasome system，UPS） 
HECT（Homologous to E6- associated protein Carboxyl-Terminus） 
RING（Really Interesting New Gene） 
鸟嘌呤核苷交换因子（guanine nucleotide exchange factor,GEF） 
GTP 酶激活蛋白（GTPase activating protein，GAP） 
鸟嘌呤核苷解离抑制蛋白（guanine nucieotide dissociation inhibitor，GDI）TGF-β
（Transforming growth factor-β） 
上皮-间质细胞转化（epithelial-to-mesenchymal transition，EMT） 
十二烷基磺酸钠（Sodium dodecyl sulfonate，SDS） 
磷酸缓冲液（Phosphate-buffered saline，PBS） 
二硫苏糖醇（DL-Dithioerythreitol，DTT） 
乙二胺四乙酸（Ethylene diaminetetracetic acid，EDTA） 
小牛血清白蛋白（Bovine Serum Albumin，BSA） 
聚丙烯酰胺凝胶电泳（Polyacrylamide gel electrophorisis，PAGE） 













前  言 
1 







尔茨海默氏综合症（Alzheimer’s disease, AD）与帕金森综合症（Parkin- son’s 
disease, PD）等许多疾病[1]。因其重要性，有关泛素化方面的研究在2004年被授
予诺贝尔化学奖。 






末端甘氨酸上的羧基和泛素活化酶（Ubiquitin activating enzyme）E1 上的必需半
胱氨酸巯基形成高能硫酯键而连接到 E1 上，成为活化状态的泛素；其次，活化
的泛素从泛素活化酶 E1 转移到泛素结合酶（Ubiquitin conjugating enzyme）E2
上，仍然是通过其 C-末端甘氨酸上的羧基以硫酯键的形式与泛素结合酶 E2 上的















































复合体识别的主要信号，一般认为 4 个泛素分子构成的 Lys48 多泛素链就可以诱
导蛋白质被降解。底物蛋白通过泛素活化酶 E1、泛素结合酶 E2 和泛素连接酶









解，如 Mdm2 调控的抑癌蛋白 p53 的降解、Wnt 信号通路中 APC 所调节的











































































1.1.4 E3 泛素连接酶的分类 
根据E3泛素连接酶的结构和功能可以将其分为三大类：含有HECT
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